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We investigate P -wave bottom baryons of the SU(3) flavor 6F , and systematically study their D-
wave decays into ground-state bottom baryons and pseudoscalar mesons. Together with Refs. [1–4],
a rather complete study is performed on both mass spectra and decay properties of P -wave bottom
baryons, using the method of QCD sum rules and light-cone sum rules within the framework of heavy
quark effective theory. Among all the possibilities, we find four Σb, four Ξ
′
b, and six Ωb baryons,
with limited widths and so capable of being observed. Their masses, mass splittings within the same
multiplets, and decay properties are extracted (summarized in Table VI) for future experimental
searches.
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I. INTRODUCTION
The strong interaction holds quarks and gluons to-
gether inside a single hadron. It is similar to the electro-
magnetic interaction in some aspects, which holds elec-
trons and protons together inside a single atom. The lat-
ter leads to the well-known fine structure of line spectra,
and it is interesting to investigate whether the former also
leads to some fine structure of hadron spectra [5–8]. An
ideal platform to study this is the singly bottom baryon
system [9–12]: light quarks together with gluons circle
around the nearly static bottom quark, and the whole
system behaves as the QCD analogue of the hydrogen.
In recent years important experimental progresses have
been made in the field of singly bottom baryons. Un-
til three years ago there were only two excited bottom
baryons, Λb(5912)
0 and Λb(5920)
0, which were observed
by LHCb and CDF in 2012 [13, 14]. However, in the
past three years the LHCb and CMS Collaborations dis-
covered as many as nine excited bottom baryons:
• In 2018 the LHCb Collaboration observed the
Σb(6097)
± in the Λ0bpi
± invariant mass spectrum,
and the Ξb(6227)
− in the Λ0bK
− and Ξ0bpi
− invari-
ant mass spectra [15, 16]:
Ξb(6227)
− : M = 6226.9± 2.0± 0.3± 0.2 MeV ,
Γ = 18.1± 5.4± 1.8 MeV , (1)
Σb(6097)
+ : M = 6095.8± 1.7± 0.4 MeV ,
Γ = 31± 5.5± 0.7 MeV , (2)
Σb(6097)
− : M = 6098.0± 1.7± 0.5 MeV ,
Γ = 28.9± 4.2± 0.9 MeV . (3)
• In 2020 the LHCb Collaboration observed the
Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−, and Ωb(6350)−
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in the Ξ0bK
− invariant mass spectrum [17]:
Ωb(6316)
− : M = 6315.64± 0.31± 0.07± 0.50 MeV ,
Γ < 2.8 MeV , (4)
Ωb(6330)
− : M = 6330.30± 0.28± 0.07± 0.50 MeV ,
Γ < 3.1 MeV , (5)
Ωb(6340)
− : M = 6339.71± 0.26± 0.05± 0.50 MeV ,
Γ < 1.5 MeV , (6)
Ωb(6350)
− : M = 6349.88± 0.35± 0.05± 0.50 MeV ,
Γ = 1.4+1.0−0.8 ± 0.1 MeV . (7)
• In 2019 the LHCb Collaboration observed the
Λb(6146)
0 and Λb(6152)
0 in the Λ0bpi
+pi− invariant
mass distribution [18]. Later in 2020 the CMS Col-
laboration confirmed them, and further observed a
broad excess of events in the Λ0bpi
+pi− mass distri-
bution in the region of 6040-6100 MeV [19], whose
mass and width were later measured by LHCb to
be [20]:
Λb(6072)
0 : M = 6072.3± 2.9± 0.6± 0.2 MeV ,
Γ = 72± 11± 2 MeV . (8)
Various theoretical methods and models have been
applied to study singly bottom baryons in the past
thirty years, such as various quark models [21–30], var-
ious molecular models [31–42], the quark pair creation
model [43–46], the chiral perturbation theory [47–49],
QCD sum rules [50–52], and Lattice QCD [53–56], etc.
More theoretical studies can be found in Refs. [57–
61], and we refer to recent reviews for detailed discus-
sions [5, 9–12, 62, 63].
Especially, the Λb(5912)
0 and Λb(5920)
0 were stud-
ied by Capstick and Isgur in 1986 as P -wave bottom
baryons [64], and their predicted masses are in very
good agreement with the LHCb and CDF measure-
ments [13, 14]. The Σb(6097)
± and Ξb(6227)− are also
good candidates of P -wave bottom baryons [27, 43–
45, 50, 51, 59–61], while there exists the molecular in-
terpretation for the Ξb(6227)
− [41, 42]. Besides, the four
excited Ωb baryons, Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−,
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2and Ωb(6350)
−, are all good candidates of P -wave bot-
tom baryons [30, 46, 52]. Other than this, the Λb(6146)
0
and Λb(6152)
0 can be well interpreted as D-wave bottom
baryons [65–71].
In this paper we shall investigate P -wave bottom
baryons of the SU(3) flavor 6F , and systematically study
their D-wave decays into ground-state bottom baryons
and pseudoscalar mesons. Previously in Refs. [1–4], we
have systematically studied their mass spectra and S-
wave decay properties using the method of QCD sum
rules [72, 73] and light-cone sum rules [74–78] within the
heavy quark effective theory (HQET) [79–81]. These re-
sults will be reanalysed in the present study, so that
a rather complete study can be performed on both
mass spectra and decay properties of P -wave bottom
baryons. Similar methods applied to investigate singly
heavy mesons and baryons can be found in Refs. [82–96].
This paper is organized as follows. In Sec. II,
we briefly introduce our notations for P -wave bottom
baryons of the SU(3) flavor 6F , and categorize them into
four bottom baryon multiplets [6F , 1, 0, ρ], [6F , 0, 1, λ],
[6F , 1, 1, λ], and [6F , 2, 1, λ]. Then in Sec. III we study
their D-wave decays into ground-state bottom baryons
and pseudoscalar mesons (pi or K), separately for these
four multiplets. In Sec. IV we discuss the results and
conclude this paper.
II. P -WAVE BOTTOM BARYONS
At the beginning we briefly introduce our notations. A
singly bottom baryon is composed by one bottom quark
and two light up/down/strange quarks, with the follow-
ing internal structures:
• According to the Pauli principle, the total symme-
try of the two light quarks is antisymmetric.
• The color structure of the two light quarks is anti-
symmetric (3¯C).
• The flavor structure of the two light quarks is ei-
ther symmetric (SU(3) flavor 6F ) or antisymmetric
(SU(3) flavor 3¯F ).
• The spin structure of the two light quarks is either
symmetric (sl ≡ sqq = 1) or antisymmetric (sl =
0).
• The orbital structure of the two light quarks is ei-
ther symmetric (λ-type with lρ = 0 and lλ = 1,
meaning that the orbital excitation is between the
bottom quark and the two-light-quark system) or
antisymmetric (ρ-type with lρ = 1 and lλ = 0,
meaning that the orbital excitation is between the
two light quarks).
Accordingly, we categorize P -wave bottom baryons into
eight baryon multiplets, four of which belong to the
SU(3) flavor 6F representation, as shown in Fig. 1. We
use [F (flavor), jl, sl, ρ/λ] to denote them, where jl is the
total angular momentum of the light components, sat-
isfying jl = lλ ⊗ lρ ⊗ sl. Each multiplet contains one
or two bottom baryons with the total angular momenta
j = jl ⊗ sb = |jl ± 1/2|, which have similar masses ac-
cording to the heavy quark effective theory.
In Refs. [1, 2] we have systematically studied the mass
spectrum of P -wave bottom baryons, and the results are
reanalysed in the present study, as summarized in Ta-
ble I. Some of them are used as input parameters when
studying decay properties of P -wave bottom baryons.
Especially, we use the following mass values when cal-
culating their decay widths:
• In Ref. [97] we found that the Ωb(6316)− can be
explained as a P -wave Ωb baryon of either J
P =
1/2− or 3/2−, belonging to the [6F , 1, 0, ρ] doublet.
Hence, we use the following mass values for this
doublet, taken from the LHCb experiment [17] as
well as their mass sum rules:
M[Σb(1/2−),1,0,ρ] = 6.05 GeV ,
M[Σb(3/2−),1,0,ρ] = 6.05 GeV ,
M[Ξ′b(1/2−),1,0,ρ] = 6.18 GeV , (9)
M[Ξ′b(3/2−),1,0,ρ] = 6.19 GeV ,
M[Ωb(1/2−),1,0,ρ] = 6315.64 MeV ,
M[Ωb(3/2−),1,0,ρ] = 6315.64 MeV .
• For the [6F , 0, 1, λ] singlet, we use the following
mass values taken from their mass sum rules:
M[Σb(1/2−),0,1,λ] = 6.05 GeV ,
M[Ξ′b(1/2−),0,1,λ] = 6.20 GeV , (10)
M[Ωb(1/2−),0,1,λ] = 6.34 GeV .
• In Ref. [97] we found that the Ωb(6330)− and
Ωb(6340)
− can be explained as P -wave Ωb baryons
of JP = 1/2− and 3/2− respectively, belonging to
the [6F , 1, 1, λ] doublet. Hence, we use the follow-
ing mass values for this doublet, taken from the
LHCb experiment [17] as well as their mass sum
rules:
M[Σb(1/2−),1,1,λ] = 6.06 GeV ,
M[Σb(3/2−),1,1,λ] = 6.07 GeV ,
M[Ξ′b(1/2−),1,1,λ] = 6.21 GeV , (11)
M[Ξ′b(3/2−),1,1,λ] = 6.22 GeV ,
M[Ωb(1/2−),1,1,λ] = 6330.30 MeV ,
M[Ωb(3/2−),1,1,λ] = 6339.71 MeV .
• In Refs. [97, 98] we found that the Σb(6097)±,
Ξb(6227)
−, and Ωb(6350)− can be explained as P -
wave bottom baryons of JP = 3/2−, belonging to
the [6F , 2, 1, λ] doublet. Hence, we use the follow-
ing mass values for this doublet, taken from the
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FIG. 1: Categorization of P -wave bottom baryons belonging to the SU(3) flavor 6F representation.
TABLE I: Parameters of the P -wave bottom baryons belonging to the SU(3) flavor 6F representation. See Refs. [1, 2] for
detailed discussions. In the last column we list the decay constant f , where isospin factors are explicitly taken into account,
satisfying f
Σ+
b
= f
Σ−
b
=
√
2fΣ0
b
and fΞ′0
b
= f
Ξ′−
b
.
Multiplets B
ωc Working region Λ Baryons Mass Difference f
(GeV) (GeV) (GeV) (jP ) (GeV) (MeV) (GeV4)
[6F , 1, 0, ρ]
Σb 1.83 0.27 < T < 0.34 1.31± 0.11 Σb(1/2
−) 6.05± 0.12
3± 1 0.079± 0.019 (Σ
−
b (1/2
−))
Σb(3/2
−) 6.05± 0.12 0.037± 0.009 (Σ−b (3/2−))
Ξ′b 1.98 0.26 < T < 0.36 1.45± 0.11
Ξ′b(1/2
−) 6.18± 0.12
3± 1 0.072± 0.016 (Ξ
′−
b (1/2
−))
Ξ′b(3/2
−) 6.19± 0.11 0.034± 0.008 (Ξ′−b (3/2−))
Ωb 2.13 0.26 < T < 0.37 1.58± 0.09 Ωb(1/2
−) 6.32± 0.11
2± 1 0.133± 0.028 (Ω
−
b (1/2
−))
Ωb(3/2
−) 6.32± 0.11 0.063± 0.013 (Ω−b (3/2−))
[6F , 0, 1, λ]
Σb 1.70 0.26 < T < 0.32 1.25± 0.10 Σb(1/2−) 6.05± 0.11 – 0.077± 0.018 (Σ−b (1/2−))
Ξ′b 1.85 0.27 < T < 0.33 1.40± 0.09 Ξ′b(1/2−) 6.20± 0.11 – 0.069± 0.015 (Ξ′−b (1/2−))
Ωb 2.00 0.27 < T < 0.34 1.54± 0.09 Ωb(1/2−) 6.34± 0.11 – 0.127± 0.028 (Ω−b (1/2−))
[6F , 1, 1, λ]
Σb 1.94 0.29 < T < 0.36 1.25± 0.11 Σb(1/2
−) 6.06± 0.13
6± 3 0.075± 0.016 (Σ
−
b (1/2
−))
Σb(3/2
−) 6.07± 0.13 0.035± 0.008 (Σ−b (3/2−))
Ξ′b 1.97 0.35 < T < 0.38 1.38± 0.09
Ξ′b(1/2
−) 6.21± 0.11
7± 2 0.069± 0.012 (Ξ
′−
b (1/2
−))
Ξ′b(3/2
−) 6.22± 0.11 0.032± 0.006 (Ξ′−b (3/2−))
Ωb 2.00 0.38 < T < 0.39 1.48± 0.07 Ωb(1/2
−) 6.34± 0.10
6± 2 0.122± 0.019 (Ω
−
b (1/2
−))
Ωb(3/2
−) 6.34± 0.09 0.058± 0.009 (Ω−b (3/2−))
[6F , 2, 1, λ]
Σb 1.84 0.27 < T < 0.34 1.30± 0.13 Σb(3/2
−) 6.11± 0.16
12± 5 0.102± 0.028 (Σ
−
b (3/2
−))
Σb(5/2
−) 6.12± 0.15 0.043± 0.012 (Σ−b (5/2−))
Ξ′b 1.96 0.26 < T < 0.35 1.41± 0.12
Ξ′b(3/2
−) 6.23± 0.15
11± 5 0.091± 0.023 (Ξ
′−
b (3/2
−))
Ξ′b(5/2
−) 6.24± 0.14 0.038± 0.010 (Ξ′−b (5/2−))
Ωb 2.08 0.26 < T < 0.37 1.53± 0.10 Ωb(3/2
−) 6.35± 0.13
10± 4 0.162± 0.035 (Ω
−
b (3/2
−))
Ωb(5/2
−) 6.36± 0.12 0.069± 0.015 (Ω−b (5/2−))
4LHCb experiments [15–17] as well as their mass
sum rules:
M[Σb(3/2−),2,1,λ] = 6096.9 MeV ,
M[Σb(5/2−),2,1,λ] −M[Σb(3/2−),2,1,λ] = 12 MeV ,
M[Ξ′b(3/2−),2,1,λ] = 6226.9 MeV ,
M[Ξ′b(5/2−),2,1,λ] −M[Ξ′b(3/2−),2,1,λ] = 11 MeV ,
M[Ωb(3/2−),2,1,λ] = 6349.88 MeV ,
M[Ωb(5/2−),2,1,λ] −M[Ωb(3/2−),2,1,λ] = 10 MeV . (12)
Note that the above interpretations are just possible
assignments, and there exist many other possibilities
for the Σb(6097)
±, Ξb(6227)−, Ωb(6316)−, Ωb(6330)−,
Ωb(6340)
−, and Ωb(6350)−.
We use the following parameters for ground-state bot-
tom baryons, pseudoscalar and vector mesons [8]:
Λb(1/2
+) : m = 5619.60 MeV ,
Ξb(1/2
+) : m = 5793.20 MeV ,
Σb(1/2
+) : m = 5813.4 MeV ,
Σ∗b(3/2
+) : m = 5833.6 MeV ,
Ξ′b(1/2
+) : m = 5935.02 MeV ,
Ξ∗b(3/2
+) : m = 5952.6 MeV ,
Ωb(1/2
+) : m = 6046.1 MeV , (13)
Ω∗b(3/2
+) : m = 6063 MeV ,
pi(0−) : m = 138.04 MeV ,
K(0−) : m = 495.65 MeV ,
ρ(1−) : m = 775.21 MeV ,
Γ = 148.2 MeV , gρpipi = 5.94 ,
K∗(1−) : m = 893.57 MeV ,
Γ = 49.1 MeV , gK∗Kpi = 3.20 ,
with the following Lagrangians:
Lρpipi = gρpipi ×
(
ρ0µpi
+∂µpi− − ρ0µpi−∂µpi+
)
+ · · · ,
LK∗Kpi = gK∗KpiK∗+µ ×
(
K−∂µpi0 − ∂µK−pi0)+ · · · .
(14)
III. D-WAVE DECAY PROPERTIES
In the present study we shall investigate P -wave bot-
tom baryons of the SU(3) flavor 6F , and study their
D-wave decays into ground-state bottom baryons to-
gether with pseudoscalar mesons (pi or K). Their S-
wave decay properties have been systematically studied
in Refs. [3, 4], and we shall use the same method of light-
cone sum rules within the heavy quark effective theory to
investigate the following decay channels (the coefficients
at right hand sides are isospin factors):
(a1) Γ
[
Σb[1/2
−]→ Σ∗b + pi
]
= 2× Γ
[
Σ−b [1/2
−]→ Σ∗0b + pi−
]
, (15)
(b1) Γ
[
Σb[3/2
−]→ Λb + pi
]
= Γ
[
Σ−b [3/2
−]→ Λ0b + pi−
]
, (16)
(b2) Γ
[
Σb[3/2
−]→ Σb + pi
]
= 2× Γ
[
Σ−b [3/2
−]→ Σ0b + pi−
]
, (17)
(b3) Γ
[
Σb[3/2
−]→ Σ∗b + pi
]
= 2× Γ
[
Σ−b [3/2
−]→ Σ∗0b + pi−
]
, (18)
(c1) Γ
[
Σb[5/2
−]→ Λb + pi
]
= Γ
[
Σ−b [5/2
−]→ Λ0b + pi−
]
, (19)
(c2) Γ
[
Σb[5/2
−]→ Σb + pi
]
= 2× Γ
[
Σ−b [5/2
−]→ Σ0b + pi−
]
, (20)
(c3) Γ
[
Σb[5/2
−]→ Σ∗b + pi
]
= 2× Γ
[
Σ−b [5/2
−]→ Σ∗0b + pi−
]
, (21)
(d1) Γ
[
Ξ′b[1/2
−]→ Ξ∗b + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Ξ∗0b + pi−
]
, (22)
(d2) Γ
[
Ξ′b[1/2
−]→ Σ∗b +K
]
= 3× Γ
[
Ξ′−b [1/2
−]→ Σ∗0b +K−
]
, (23)
(e1) Γ
[
Ξ′b[3/2
−]→ Ξb + pi
]
=
3
2
× Γ
[
Ξ′−b [3/2
−]→ Ξ0b + pi−
]
, (24)
(e2) Γ
[
Ξ′b[3/2
−]→ Λb +K
]
= Γ
[
Ξ′−b [3/2
−]→ Λ0b +K−
]
, (25)
(e3) Γ
[
Ξ′b[3/2
−]→ Ξ′b + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Ξ′0b + pi−
]
, (26)
(e4) Γ
[
Ξ′b[3/2
−]→ Σb +K
]
= 3× Γ
[
Ξ′−b [3/2
−]→ Σ0b +K−
]
, (27)
(e5) Γ
[
Ξ′b[3/2
−]→ Ξ∗b + pi
]
=
3
2
× Γ
[
Ξ′−b [3/2
−]→ Ξ∗0b + pi−
]
, (28)
5(e6) Γ
[
Ξ′b[3/2
−]→ Σ∗b +K
]
= 3× Γ
[
Ξ′−b [3/2
−]→ Σ∗0b +K−
]
, (29)
(f1) Γ
[
Ξ′b[5/2
−]→ Ξb + pi
]
=
3
2
× Γ
[
Ξ′−b [5/2
−]→ Ξ0b + pi−
]
, (30)
(f2) Γ
[
Ξ′b[5/2
−]→ Λb +K
]
= Γ
[
Ξ′−b [5/2
−]→ Λ0b +K−
]
, (31)
(f3) Γ
[
Ξ′b[5/2
−]→ Ξ′b + pi
]
=
3
2
× Γ
[
Ξ′−b [1/2
−]→ Ξ′0b + pi−
]
, (32)
(f4) Γ
[
Ξ′b[5/2
−]→ Σb +K
]
= 3× Γ
[
Ξ′−b [5/2
−]→ Σ0b +K−
]
, (33)
(f5) Γ
[
Ξ′b[5/2
−]→ Ξ∗b + pi
]
=
3
2
× Γ
[
Ξ′−b [5/2
−]→ Ξ∗0b + pi−
]
, (34)
(f6) Γ
[
Ξ′b[5/2
−]→ Σ∗b +K
]
= 3× Γ
[
Ξ′−b [5/2
−]→ Σ∗0b +K−
]
, (35)
(g1) Γ
[
Ωb[1/2
−]→ Ξ∗b +K
]
= 2× Γ
[
Ω−b [1/2
−]→ Ξ∗0b +K−
]
, (36)
(h1) Γ
[
Ωb[3/2
−]→ Ξb +K
]
= 2× Γ
[
Ω−b [3/2
−]→ Ξ0b + k−
]
, (37)
(h2) Γ
[
Ωb[3/2
−]→ Ξ′b +K
]
= 2× Γ
[
Ω−b [3/2
−]→ Ξ′0b +K−
]
, (38)
(h3) Γ
[
Ωb[3/2
−]→ Ξ∗b +K
]
= 2× Γ
[
Ω−b [3/2
−]→ Ξ∗0b +K−
]
, (39)
(i1) Γ
[
Ωb[5/2
−]→ Ξb +K
]
= 2× Γ
[
Ω−b [5/2
−]→ Ξ0b + k−
]
, (40)
(i2) Γ
[
Ωb[5/2
−]→ Ξ′b +K
]
= 2× Γ
[
Ω−b [5/2
−]→ Ξ′0b +K−
]
, (41)
(i3) Γ
[
Ωb[5/2
−]→ Ξ∗b +K
]
= 2× Γ
[
Ω−b [5/2
−]→ Ξ∗0b +K−
]
. (42)
We shall calculate their decay widths through:
LXb(1/2−)→Yb(3/2+)P (43)
= gX¯b(1/2
−)γµγ5Ybν(3/2+)∂µ∂νP ,
LXb(3/2−)→Yb(1/2+)P (44)
= gX¯bµ(3/2
−)γνγ5Yb(1/2+)∂µ∂νP ,
LXb(3/2−)→Yb(3/2+)P (45)
= gX¯bµ(3/2
−)Ybν(3/2+)∂µ∂νP ,
LXb(5/2−)→Yb(1/2+)P (46)
= gX¯bµν(5/2
−)Yb(1/2+)∂µ∂νP ,
LXb(5/2−)→Yb(3/2+)P (47)
= gX¯bµν(5/2
−)γργ5Y
µ
b (3/2
+)∂ν∂ρP
+ gX¯bµν(5/2
−)γργ5Y νb (3/2
+)∂µ∂ρP ,
where X
(µν)
b , Y
(µ)
b , and P denote the P -wave bottom
baryon, ground-state bottom baryon, and pseudoscalar
meson, respectively.
As an example, we shall study the D-wave decay
of Ω−b (3/2
−
) belonging to [6F , 2, 1, λ] into Ξ
0
b(1/2
+)
and K−(0−) in the next subsection. The four bottom
baryon multiplets [6F , 1, 0, ρ], [6F , 0, 1, λ], [6F , 1, 1, λ],
and [6F , 2, 1, λ] will be separately investigated in the fol-
lowing subsections.
A. Ω−b (3/2
−) of [6F , 2, 1, λ] to D-wave Ξ0bK
−
In this subsection we study the D-wave decay of the
Ω−b (3/2
−
) belonging to [6F , 2, 1, λ] into Ξ
0
b(1/2
+) and
K−(0−). To do this we need to calculate the three-point
correlation function
Πα(ω, ω′) (48)
=
∫
d4x e−ik·x 〈0|Jα
3/2,−,Ω−b ,2,1,λ
(0)J¯Ξ0b (x)|K
−(q)〉
=
1 + v/
2
Gα
Ω−b [
3
2
−]→Ξ0bK−
(ω, ω′) .
at both hadron and quark-gluon levels. In this expression
k′ = k+q, ω = v ·k, and ω′ = v ·k′. The two interpolating
fields Jα
3/2,−,Ω−b ,2,1,λ
and JΞ0b have been constructed in
Refs. [1, 94]:
Jα
3/2,−,Ω−b ,2,1,λ
(49)
= iabc
(
[Dµt saT ]Cγνt sb + saTCγνt [Dµt sb]
)
×
(
gαµt γ
ν
t γ5 + g
αν
t γ
µ
t γ5 −
2
3
gµνt γ
α
t γ5
)
hcv ,
JΞ0b = abc[d
aTCγ5s
b]hcv , (50)
which couple to Ω−b (3/2
−
) and Ξ0b(1/2
+), respectively.
6At the hadron level, we write Gα
Ω−b [
3
2
−]→Ξ0bK−
as:
Gα
Ω−b [
3
2
−]→Ξ0bK−
(ω, ω′) = gΩ−b [ 32−]→Ξ0bK− ×
fΩ−b [
3
2
−]fΞ0b
(Λ¯Ω−b [
3
2
−] − ω′)(Λ¯Ξ0b − ω)
× γ · q γ5 qα + · · · , (51)
where · · · denotes other possible decay amplitudes.
At the quark-gluon level, we calculate Gα
Ω−b [
3
2
−]→Ξ0bK−
using the method of operator product expansion (OPE):
Gα
Ω−b [
3
2
−]→Ξ0bK−
(ω, ω′) (52)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 8×
(fKmsu
4pi2t2
φ2;K(u) +
fKm
2
su
12(mu +ms)pi2t2
φσ3;K(u)
+
fKm
2
sm
2
Ku
48(mu +ms)pi2
φσ3;K(u) +
fKmsu
64pi2
φ4;K(u) +
fKu
12
〈s¯s〉φ2;K(u) + fKmsm
2
Kut
2
288(mu +ms)
〈ss〉φσ3;K(u)
+
fKut
2
192
〈ss〉φ4;K(u) + fKut
2
192
〈gss¯σGs〉φ2;K(u) + fKut
4
3072
〈gss¯σGs〉φ4;K(u)
)
× γ · q γ5 qα
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) ×
( f3Ku
2pi2t2
Φ3;K(α)− f3K
2pi2t2
Φ3;K(α)
+
if3Ku
2α3
2pi2tv · q Φ3;K(α) +
if3Kuα2
2pi2tv · qΦ3;K(α)−
if3Ku
2pi2tv · qΦ3;K(α)
)
× γ · q γ5 qα + · · · .
Then we perform double Borel transformations to both Eqs. (51) and (52), and obtain:
gΩ−b [
3
2
−]→Ξ0bK−fΩ−b [ 32−]fΞ0be
−
Λ¯
Ω
−
b
[ 3
2
−
]
T1 e−
Λ¯
Ξ0
b
T2 (53)
= 8×
(
− ifkmsu0
4pi2
T 3f2(
ωc
T
)φ2;K(u0)− ifKm
2
Ku0
12(mu +ms)pi2
T 3f2(
ωc
T
)φσ3;K(u0) +
ifKmsu0
64pi2
Tf0(
ωc
T
)φ4;K(u0)
+
ifKu0
12
〈s¯s〉Tf0(ωc
T
)φ2;K(u0)− ifKmsu0
288(mu +ms)
〈s¯s〉 1
T
φσ3;K(u0)−
ifKu0
192
〈s¯s〉 1
T
φ4;K(u0)
− ifKu0
192
〈gss¯σGs〉 1
T
φ2;K(u0) +
ifKu0
3072
〈gss¯σGs〉 1
T 3
φ4;K(u0)
)
−
(
− if3K
2pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3(
u0
α3
Φ3;K(α)− 1
α3
Φ3;K(α))
+
if3K
2pi2
T 3f2(
ωc
T
)
∫ 1
2
0
dα2
∫ 1−α2
1
2−α2
dα3
1
α3
∂
∂α3
(α3u0Φ3;K(α) + α2Φ3;K(α)− Φ3;K(α))
)
.
In the above expression, ω and ω′ have been transformed
to T1 and T2; we work at the symmetric point T1 = T2 =
2T so that u0 =
T1
T1+T2
= 12 ; fn(x) ≡ 1 − e−x
∑n
k=0
xk
k! .
We refer to Refs. [77, 78, 99–104] for explicit forms of the
light-cone distribution amplitudes contained in the above
sum rule equations, and more examples can be found in
Appendix A.
In the present study we use the following values for var-
ious quark and gluon parameters at the renormalization
scale 2 GeV [8, 105–112]:
〈q¯q〉 = −(0.24± 0.01 GeV)3 ,
〈s¯s〉 = (0.8± 0.1)× 〈q¯q〉 ,
〈gsq¯σGq〉 = M20 × 〈q¯q〉 , (54)
〈gss¯σGs〉 = M20 × 〈s¯s〉 ,
M20 = 0.8 GeV
2 ,
〈g2sGG〉 = (0.48± 0.14) GeV4 .
After fixing ωc = 1.665 GeV to be the average of the
threshold values of the Ω−b (3/2
−
) and Ξ0b mass sum rules,
we calculate the coupling constant gΩ−b [
3
2
−]→Ξ0bK− from
Eq. (53) to be:
gΩ−b [
3
2
−]→Ξ0bK− = 7.27
+1.10
−0.68
+2.22
−1.67
+2.34
−1.66
+1.96
−1.42 GeV
−2
= 7.27 +3.92−2.83 GeV
−2 . (55)
Here the uncertainties are due to the Borel mass, the pa-
rameters of Ξ0b , the parameters of Ω
−
b (3/2
−
), and various
quark and gluon parameters listed in Eq. (54), respec-
tively. Some of these parameters can be found in Sec. II.
7The variation of gΩ−b [
3
2
−]→Ξ0bK− is shown in Fig. 4(d) as
a function of the Borel mass T , where we find that its
Borel mass dependence is moderate and acceptable.
The D-wave decay of Ω−b (3/2
−
) into Ξ0bK
− is kinemat-
ically allowed, and its amplitude is
M
(
Ω−b (3/2
−
)→ Ξ0b +K−
)
(56)
= gΩ−b [
3
2
−]→Ξ0bK− u¯
µ
0γ
νγ5u1 p2,µp2,ν ,
This amplitude can be used to further calculate its width
through
Γ
(
Ω−b (3/2
−
)→ Ξ0b +K−
)
(57)
=
|~p2|
32pi2m20
× g2
Ω−b [
3
2
−]→Ξ0bK−
× p2,µp2,νp2,ρp2,σ
× Tr
[
γνγ5 (p/1 +m1) γ
σγ5(
gρµ − γ
ργµ
3
− p
ρ
0γ
µ − pµ0γρ
3m0
− 2p
ρ
0p
µ
0
3m20
)
(p/0 +m0)
]
,
from which we obtain
ΓΩ−b [
3
2
−]→Ξ0bK− = 4.6
+3.3
−1.9 MeV . (58)
In the following subsections we shall follow the same
procedures to separately investigate the four bottom
baryon multiplets [6F , 1, 0, ρ], [6F , 0, 1, λ], [6F , 1, 1, λ],
and [6F , 2, 1, λ].
B. The [6F , 1, 0, ρ] doublet
There are six bottom baryons contained in the
[6F , 1, 0, ρ] doublet, that are Σb(
1
2
−
/ 32
−
), Ξ′b(
1
2
−
/ 32
−
),
and Ωb(
1
2
−
/ 32
−
). We study their D-wave decays into
ground-state bottom baryons and pseudoscalar mesons,
and find twelve non-zero coupling constants:
(a1) gΣb[ 12
−]→Σ∗b [ 32 +]pi = 4.80 GeV
−2 ,
(b2) gΣb[ 32
−]→Σb[ 12 +]pi = 5.79 GeV
−2 ,
(b3) gΣb[ 32
−]→Σ∗b [ 32 +]pi = 3.37 GeV
−2 ,
(d1) gΞ′b[
1
2
−]→Ξ∗b [ 32 +]pi = 3.10 GeV
−2 ,
(d2) gΞ′b[
1
2
−]→Σ∗b [ 32 +]K = 3.63 GeV
−2 ,
(e3) gΞ′b[
3
2
−]→Ξ′b[ 12 +]pi = 3.79 GeV
−2 ,
(e4) gΞ′b[
3
2
−]→Σb[ 12 +]K = 4.45 GeV
−2 , (59)
(e5) gΞ′b[
3
2
−]→Ξ∗b [ 32 +]pi = 2.18 GeV
−2 ,
(e6) gΞ′b[
3
2
−]→Σ∗b [ 32 +]K = 2.55 GeV
−2 ,
(g1) gΩb[ 12
−]→Ξ∗b [ 32 +]K = 4.54 GeV
−2 ,
(h2) gΩb[ 32
−]→Ξ′b[ 12 +]K = 5.56 GeV
−2 ,
(h3) gΩb[ 32
−]→Ξ∗b [ 32 +]K = 3.19 GeV
−2 .
We show some of these coupling constants as functions
of the Borel mass T in Fig. 2. Based on them, we further
find six D-wave decay channels that are kinematically
allowed:
(a1) ΓΣb[ 12
−]→Σ∗b [ 32 +]pi = 0.62 MeV ,
(b2) ΓΣb[ 32
−]→Σb[ 12 +]pi = 0.84 MeV ,
(b3) ΓΣb[ 32
−]→Σ∗b [ 32 +]pi = 0.098 MeV ,
(d1) ΓΞ′b[
1
2
−]→Ξ∗b [ 32 +]pi = 0.29 MeV , (60)
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]pi = 0.47 MeV ,
(e5) ΓΞ′b[
3
2
−]→Ξ∗b [ 32 +]pi = 0.064 MeV .
We summarize these D-wave decay widths in Table II,
where possible experimental candidates are given for
comparisons. In Refs. [1, 2] we have studied the mass
spectrum of P -wave bottom baryons, and the results are
reanalysed and summarized in this table. In Refs. [3, 4]
we have studied S-wave decay properties of P -wave bot-
tom baryons into ground-state bottom baryons together
with pseudoscalar mesons or vector mesons, and the re-
sults are also reanalysed and summarized in this table.
C. The [6F , 0, 1, λ] singlet
There are three bottom baryons contained in the
[6F , 0, 1, λ] singlet, that are Σb(
1
2
−
), Ξ′b(
1
2
−
), and
Ωb(
1
2
−
). We study their D-wave decays into ground-state
bottom baryons and pseudoscalar mesons, but find all
the coupling constants to be zero. For completeness, we
summarize these results in Table III, together with their
mass spectrum, S-wave decay properties, and possible
experimental candidates.
D. The [6F , 1, 1, λ] doublet
There are six bottom baryons contained in the
[6F , 1, 1, λ] doublet, that are Σb(
1
2
−
/ 32
−
), Ξ′b(
1
2
−
/ 32
−
),
and Ωb(
1
2
−
/ 32
−
). We study their D-wave decays into
ground-state bottom baryons and pseudoscalar mesons,
and find twelve non-zero coupling constants:
(a1) gΣb[ 12
−]→Σ∗b [ 32 +]pi = 1.40
+0.98
−1.40 GeV
−2 ,
(b2) gΣb[ 32
−]→Σb[ 12 +]pi = 3.48
+1.86
−1.47 GeV
−2 ,
(b3) gΣb[ 32
−]→Σ∗b [ 32 +]pi = 2.01
+1.08
−0.85 GeV
−2 ,
(d1) gΞ′b[
1
2
−]→Ξ∗b [ 32 +]pi = 1.44
+0.66
−0.61 GeV
−2 ,
(d2) gΞ′b[
1
2
−]→Σ∗b [ 32 +]K = 0.78 GeV
−2 ,
(e3) gΞ′b[
3
2
−]→Ξ′b[ 12 +]pi = 2.22
+0.96
−0.80 GeV
−2 ,
(e4) gΞ′b[
3
2
−]→Σb[ 12 +]K = 1.74 GeV
−2 , (61)
(e5) gΞ′b[
3
2
−]→Ξ∗b [ 32 +]pi = 1.28
+0.58
−0.46 GeV
−2 ,
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FIG. 2: The coupling constants as functions of the Borel mass T : (a) g
Σ−
b
[ 1
2
−
]→Σ∗0
b
pi− , (b) gΞ′−
b
[ 1
2
−
]→Ξ∗0
b
pi− , (c) gΣ−
b
[ 3
2
−
]→Σ0
b
pi− ,
(d) g
Ξ′−
b
[ 3
2
−
]→Ξ′0
b
pi− , (e) gΣ−
b
[ 3
2
−
]→Σ∗0
b
pi− , and (f) gΞ′−
b
[ 3
2
−
]→Ξ∗0
b
pi− . Here the bottom baryon doublet [6F , 1, 0, ρ] is investigated.
(e6) gΞ′b[
3
2
−]→Σ∗b [ 32 +]K = 1.01 GeV
−2 ,
(g1) gΩb[ 12
−]→Ξ∗b [ 32 +]K = 1.59 GeV
−2 ,
(h2) gΩb[ 32
−]→Ξ′b[ 12 +]K = 2.49 GeV
−2 ,
(h3) gΩb[ 32
−]→Ξ∗b [ 32 +]K = 1.44 GeV
−2 .
We show some of these coupling constants as functions
of the Borel mass T in Fig. 3. Based on them, we further
find six D-wave decay channels that are kinematically
allowed:
(a1) ΓΣb[ 12
−]→Σ∗b [ 32 +]pi = 0.076
+0.144
−0.076 MeV ,
(b2) ΓΣb[ 32
−]→Σb[ 12 +]pi = 0.55
+0.74
−0.36 MeV ,
(b3) ΓΣb[ 32
−]→Σ∗b [ 32 +]pi = 0.070
+0.096
−0.047 MeV ,
(d1) ΓΞ′b[
1
2
−]→Ξ∗b [ 32 +]pi = 0.16
+0.18
−0.10 MeV , (62)
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]pi = 0.34
+0.35
−0.20 MeV ,
(e5) ΓΞ′b[
3
2
−]→Ξ∗b [ 32 +]pi = 0.051
+0.057
−0.030 MeV .
We summarize these D-wave decay widths in Table IV,
together with their mass spectrum, S-wave decay prop-
erties, and possible experimental candidates.
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FIG. 3: The coupling constants as functions of the Borel mass T : (a) g
Σ−
b
[ 1
2
−
]→Σ∗0
b
pi− , (b) gΞ′−
b
[ 1
2
−
]→Ξ∗0
b
pi− , (c) gΣ−
b
[ 3
2
−
]→Σ0
b
pi− ,
(d) g
Ξ′−
b
[ 3
2
−
]→Ξ′0
b
pi− , (e) gΣ−
b
[ 3
2
−
]→Σ∗0
b
pi− , and (f) gΞ′−
b
[ 3
2
−
]→Ξ∗0
b
pi− . Here the bottom baryon doublet [6F , 1, 1, λ] is investigated.
E. The [6F , 2, 1, λ] doublet
There are six bottom baryons contained in the
[6F , 2, 1, λ] doublet, that are Σb(
3
2
−
/ 52
−
), Ξ′b(
3
2
−
/ 52
−
),
and Ωb(
3
2
−
/ 52
−
). We study their D-wave decays into
ground-state bottom baryons and pseudoscalar mesons,
and find twelve non-zero coupling constants:
(b1) gΣb[ 32
−]→Λb[ 12 +]pi = 7.57
+4.50
−3.18 GeV
−2 ,
(b2) gΣb[ 32
−]→Σb[ 12 +]pi = 4.29
+3.13
−1.90 GeV
−2 ,
(b3) gΣb[ 32
−]→Σ∗b [ 32 +]pi = 2.48
+1.48
−1.09 GeV
−2 ,
(e1) gΞ′b[
3
2
−]→Ξb[ 12 +]pi = 4.92
+2.68
−2.24 GeV
−2 ,
(e2) gΞ′b[
3
2
−]→Λb[ 12 +]K = 5.79
+3.36
−2.38 GeV
−2 ,
(e3) gΞ′b[
3
2
−]→Ξ′b[ 12 +]pi = 3.15
+1.76
−1.37 GeV
−2 ,
(e4) gΞ′b[
3
2
−]→Σb[ 12 +]K = 2.43 GeV
−2 , (63)
(e5) gΞ′b[
3
2
−]→Ξ∗b [ 32 +]pi = 1.82
+0.99
−0.76 GeV
−2 ,
(e6) gΞ′b[
3
2
−]→Σ∗b [ 32 +]K = 1.40 GeV
−2 ,
(h1) gΩb[ 32
−]→Ξb[ 12 +]K = 7.27
+3.92
−2.83 GeV
−2 ,
(h2) gΩb[ 32
−]→Ξ′b[ 12 +]K = 3.78 GeV
−2 ,
(h3) gΩb[ 32
−]→Ξ∗b [ 32 +]K = 2.18 GeV
−2 .
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FIG. 4: The coupling constants as functions of the Borel mass T : (a) g
Σ−
b
[ 3
2
−
]→Λ0
b
pi− , (b) gΞ′−
b
[ 3
2
−
]→Ξ0
b
pi− , (c) gΞ′−
b
[ 3
2
−
]→Λ0
b
K− ,
(d) g
Ω−
b
[ 3
2
−
]→Ξ0
b
K− , (e) gΣ−
b
[ 3
2
−
]→Σ0
b
pi− , (f) gΞ′−
b
[ 3
2
−
]→Ξ′0
b
pi− , (g) gΣ−
b
[ 3
2
−
]→Σ∗0
b
pi− , and (h) gΞ′−
b
[ 3
2
−
]→Ξ∗0
b
pi− . Here the bottom
baryon doublet [6F , 2, 1, λ] is investigated.
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We show some of these coupling constants as functions
of the Borel mass T in Fig. 4. Based on them, we further
find eight D-wave decay channels that are kinematically
allowed:
(b1) ΓΣb[ 32
−]→Λb[ 12 +]pi = 49.6
+76.4
−32.9 MeV ,
(b2) ΓΣb[ 32
−]→Σb[ 12 +]pi = 1.6
+3.2
−1.1 MeV ,
(b3) ΓΣb[ 32
−]→Σ∗b [ 32 +]pi = 0.23
+0.36
−0.16 MeV ,
(e1) ΓΞ′b[
3
2
−]→Ξb[ 12 +]pi = 19.0
+26.3
−13.3 MeV ,
(e2) ΓΞ′b[
3
2
−]→Λb[ 12 +]K = 7.4
+11.0
− 4.8 MeV , (64)
(e3) ΓΞ′b[
3
2
−]→Ξ′b[ 12 +]pi = 0.79
+1.10
−0.79 MeV ,
(e5) ΓΞ′b[
3
2
−]→Ξ∗b [ 32 +]pi = 0.12
+0.17
−0.08 MeV ,
(h1) ΓΩb[ 32
−]→Ξb[ 12 +]K = 4.6
+3.3
−1.9 MeV .
We summarize these D-wave decay widths in Table V,
together with their mass spectrum, S-wave decay prop-
erties, and possible experimental candidates.
IV. SUMMARY AND DISCUSSIONS
To summarize this paper, we have investigated the
P -wave bottom baryons belonging to the SU(3) flavor
6F representation, and studied their D-wave decays into
ground-state bottom baryons and pseudoscalar mesons.
Together with Refs. [1–4], we have performed a rather
complete study on both mass spectra and decay proper-
ties of P -wave bottom baryons using the method of QCD
sum rules and light-cone sum rules within the framework
of heavy quark effective theory.
Accordingly to the heavy quark effective theory, we
categorize the P -wave bottom baryons of the SU(3)
flavor 6F into four multiplets: [6F , 1, 0, ρ], [6F , 0, 1, λ],
[6F , 1, 1, λ], and [6F , 2, 1, λ]. In this paper we have stud-
ied their D-wave decay properties, and the results are
separately summarized in Tables II/III/IV/V. Besides,
in Refs. [1, 2] we have studied the mass spectrum of P -
wave bottom baryons, and the results are reanalysed and
summarized in these tables; in Refs. [3, 4] we have studied
S-wave decay properties of P -wave bottom baryons into
ground-state bottom baryons together with pseudoscalar
mesons or vector mesons, and the results are also reanal-
ysed and summarized in these tables.
Before drawing our conclusions, we note that there
are considerable (theoretical) uncertainties in our results
for the absolute values of the bottom baryon masses
due to their significant dependence on the bottom quark
mass [1, 2]; however, their mass splittings within the
same doublets do not depend much on this, so they are
produced quite well with much less (theoretical) uncer-
tainties and give more useful information; moreover, we
can extract even (much) more useful information from
S- and D-wave strong decay properties of P -wave bot-
tom baryons. Based on the results summarized in Ta-
bles II/III/IV/V, we can well understand P -wave bottom
baryons as a whole:
• The [6F , 0, 1, λ] singlet contains three bottom
baryons: Σb(
1
2
−
), Ξ′b(
1
2
−
), and Ωb(
1
2
−
). Their total
widths are all calculated to be very large, prevent-
ing them to be observed in any experiment.
• The [6F , 1, 0, ρ] doublet contains six bot-
tom baryons: Σb(
1
2
−
/ 32
−
), Ξ′b(
1
2
−
/ 32
−
), and
Ωb(
1
2
−
/ 32
−
). The total widths of Σb(
1
2
−
/ 32
−
) and
Ξ′b(
1
2
−
/ 32
−
) are all calculated to be very large,
while the total widths of Ωb(
1
2
−
/ 32
−
) are both
extracted to be zero.
• The [6F , 1, 1, λ] doublet contains six bot-
tom baryons: Σb(
1
2
−
/ 32
−
), Ξ′b(
1
2
−
/ 32
−
), and
Ωb(
1
2
−
/ 32
−
). Their total widths are all calculated
to be less than 100 MeV.
• The [6F , 2, 1, λ] doublet contains six bot-
tom baryons: Σb(
3
2
−
/ 52
−
), Ξ′b(
3
2
−
/ 52
−
), and
Ωb(
3
2
−
/ 52
−
). Their total widths are all calculated
to be less than 100 MeV.
Hence, among all the possible P -wave bottom baryons of
the flavor 6F , we find altogether four Σb, four Ξ
′
b, and
six Ωb baryons, with limited widths (< 100 MeV) and
so capable of being observed. Their masses, mass split-
tings within the same multiplets, and decay properties
are summarized in Table VI. Their possible experimen-
tal candidates are also given in this table for compar-
isons. Among these fourteen bottom baryons, eight of
them have non-zero decay widths, whose branching ra-
tios are shown in Fig. 5 using pie charts. We suggest
the LHCb and CMS Collaborations to search for these
excited bottom baryons, but note that it still depends
on the production rates whether these baryons can be
observed or not. Especially, it is interesting to further
investigate the Λb(6072)
0, i.e., the broad excess of events
in the Λ0bpi
+pi− mass distribution in the region of 6040-
6100 MeV [19, 20].
In the present study the ρ-mode doublet [6F , 1, 0, ρ]
is found to be lower than the two λ-mode doublets
[6F , 1, 1, λ] and [6F , 2, 1, λ], a behaviour which is con-
sistent with our previous results for their correspond-
ing doublets of the SU(3) flavor 3¯F [1, 2], but in con-
trast to the quark model expectation [6, 25]. However,
this is possible simply because the mass differences be-
tween different multiplets have considerable uncertainties
in our framework, similar to the absolute values of baryon
masses, but unlike the mass differences within the same
multiplet. We propose to verify whether the ρ-mode dou-
blet [6F , 1, 0, ρ] exist or not by investigating: a) the spin-
parity quantum number of the Ωb(6316)
−, b) whether it
can be separated into two states almost degenerate, and
c) whether its Σb and Ξ
′
b partner states can be observed.
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TABLE II: Decay properties of the P -wave bottom baryons belonging to the [6F , 1, 0, ρ] doublet. In Refs. [1, 2] we studied the
mass spectrum of P -wave bottom baryons, and the results are reanalysed and summarized in the second and third columns. In
Refs. [3, 4] we studied the S-wave decay properties of P -wave bottom baryons into ground-state bottom baryons together with
pseudoscalar mesons or vector mesons, and the results are reanalysed and summarized in the fifth column. The sixth column
“D-wave width” is added in the present study. Possible experimental candidates are given in the last column for comparisons.
Baryon Mass Difference
Decay channels
S-wave width D-wave width Total width
Candidate
(jP ) (GeV) (MeV) (MeV) (MeV) (MeV)
Σb(
1
2
−
) 6.05± 0.12
3± 1
Σb(
1
2
−
)→ Σbpi 710 –
710 –Σb(
1
2
−
)→ Σ∗bpi – 0.62
Σb(
1
2
−
)→ Λbρ→ Λbpipi 4.3× 10−3
Σb(
3
2
−
) 6.05± 0.12
Σb(
3
2
−
)→ Σbpi – 0.84
410 –Σb(
3
2
−
)→ Σ∗bpi 410 0.098
Σb(
3
2
−
)→ Λbρ→ Λbpipi 5.1× 10−3
Ξ′b(
1
2
−
) 6.18± 0.12
3± 1
Ξ′b(
1
2
)→ Ξ′bpi 250 –
250 –Ξ′b(
1
2
−
)→ Ξ∗bpi – 0.29
Ξ′b(
1
2
−
)→ Ξbρ→ Ξbpipi 1.2× 10−5
Ξ′b(
3
2
−
) 6.19± 0.11
Ξ′b(
3
2
−
)→ Ξ′bpi – 0.47
160 –Ξ′b(
3
2
−
)→ Ξ∗bpi 160 0.064
Ξ′b(
3
2
−
)→ Ξbρ→ Ξbpipi 8.0× 10−5
Ωb(
1
2
−
) 6.32± 0.11
2± 1 – ∼ 0 Ωb(6316)− [17]
Ωb(
3
2
−
) 6.32± 0.11 – ∼ 0
TABLE III: Decay properties of the P -wave bottom baryons belonging to the [6F , 0, 1, λ] singlet. See the caption of Table II
for detailed explanations.
Baryon Mass Difference
Decay channels
S-wave width D-wave width Total width
Candidate
(jP ) (GeV) (MeV) (MeV) (MeV) (MeV)
Σb(
1
2
−
) 6.05± 0.11 – Σb( 12
−
)→ Λbpi 1300 – 1300 –
Ξ′b(
1
2
−
) 6.20± 0.11 – Ξ
′
b(
1
2
−
)→ Ξbpi 990 –
1900 –
Ξ′b(
1
2
−
)→ ΛbK 910 –
Ωb(
1
2
−
) 6.34± 0.11 – Ωb( 12
−
)→ ΞbK 2700 – 2700 –
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Appendix A: Sum rule equations
In this appendix we give several examples of sum rule
equations, which are used to study D-wave decays of P -
wave bottom baryons into ground-state bottom baryons
and pseudoscalar mesons.
The sum rule equation for the Ξ′−b [
1
2
−
] belonging to [6F , 1, 0, ρ] is
GΞ′−b [
1
2
−]→Ξ∗0b pi−(ω, ω
′) = gΞ′−b [ 12−]→Ξ∗0b pi− ×
fΞ−b [
1
2
−]fΞ∗0b
(Λ¯Ξ−b [
1
2
−] − ω′)(Λ¯Ξ∗0b − ω)
(A1)
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TABLE IV: Decay properties of the P -wave bottom baryons belonging to the [6F , 1, 1, λ] doublet. See the caption of Table II
for detailed explanations.
Baryon Mass Difference
Decay channels
S-wave width D-wave width Total width
Candidate
(jP ) (GeV) (MeV) (MeV) (MeV) (MeV)
Σb(
1
2
−
) 6.06± 0.13
6± 3
Σb(
1
2
−
)→ Σbpi 14.1 +21.2−10.9 –
14.3 +21.2−10.9 –Σb( 12
−
)→ Σ∗bpi – 0.076 +0.144−0.076
Σb(
1
2
−
)→ Λbρ→ Λbpipi 0.087 +0.224−0.085
Σb(
3
2
−
) 6.07± 0.13
Σb(
3
2
−
)→ Σbpi – 0.55 +0.74−0.36
4.8 +5.9−2.9 –Σb( 32
−
)→ Σ∗bpi 3.9 +5.8−2.9 0.070 +0.096−0.047
Σb(
3
2
−
)→ Λbρ→ Λbpipi 0.23 +0.45−0.20
Ξ′b(
1
2
−
) 6.21± 0.11
7± 2
Ξ′b(
1
2
)→ Ξ′bpi 4.5 +5.8−3.3 –
4.7 +5.8−3.3 –Ξ
′
b(
1
2
−
)→ Ξ∗bpi – 0.16 +0.18−0.10
Ξ′b(
1
2
−
)→ Ξbρ→ Ξbpipi 0.043 +0.079−0.038
Ξ′b(
3
2
−
) 6.22± 0.11
Ξ′b(
3
2
−
)→ Ξ′bpi – 0.34 +0.35−0.20
1.8 +1.07−0.92 –
Ξ′b(
3
2
−
)→ Ξ∗bpi 1.3 +1.0−0.9 0.051 +0.057−0.030
Ξ′b(
3
2
−
)→ Ξbρ→ Ξbpipi 0.078 +0.147−0.068
Ξ′b(
3
2
−
)→ Ξ′bρ→ Ξ′bpipi (5.5 +6.4−3.5)× 10−6
Ωb(
1
2
−
) 6.34± 0.10
6± 2 – ∼ 0 Ωb(6330)
− [17]
Ωb(
3
2
−
) 6.34± 0.09 – ∼ 0 Ωb(6340)− [17]
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 4×
( fpim2sm2piu
96(mu +md)pi2
φσ3;pi(u) +
fpimsu
128pi2
φ4;pi(u)
+
fpiu
24
〈s¯s〉φ2;pi(u) + fpimsu
8pi2t2
φ2;pi(u) +
fpim
2
piu
24(mu +md)pi2t2
φσ3;pi(u) +
fpimsm
2
piut
2
576(mu +md)
〈s¯s〉φσ3;pi(u)
+
fpiut
2
384
〈s¯s〉φ4;pi(u) + fpiut
2
384
〈gss¯σGs〉φ2;pi(u) + fpiut
4
6144
〈gss¯σGs〉φ4;pi(u)
)
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) × 1
2
×
( if3piu2α3
4pi2tv · q Φ3;pi(α) +
if3piuα2v · q
4pi2t
Φ3;pi(α)
+
if3piuα3v · q
4pi2t
Φ3;pi(α)− if3piuv · q
4pi2t
Φ3;pi(α) +
if3piα2v · q
4pi2t
Φ3;pi(α)− if3piv · q
4pi2t
Φ3;pi(α)
− f3piu
4pi2t2
Φ3;pi(α)
)
.
The sum rule equation for the Ω−b [
1
2
−
] belonging to [6F , 0, 1, λ] is
GΩ−b [
1
2
−]→Ξ∗0b K−(ω, ω
′) = gΩ−b [ 12−]→Ξ∗0b K− ×
fΩ−b [
1
2
−]fΞ∗0b
(Λ¯Ω−b [
1
2
−] − ω′)(Λ¯Ξ∗0b − ω)
= 0 . (A2)
The sum rule equation for the Σ−b [
3
2
−
] belonging to [6F , 1, 1, λ] is
GΣ−b [
3
2
−]→Σ0bpi−(ω, ω
′) = gΣ−b [ 32−]→Σ0bpi− ×
fΣ−b [
3
2
−]fΣ0b
(Λ¯Σ−b [
3
2
−] − ω′)(Λ¯Σ0b − ω)
(A3)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 8×
( ifpiu
4pi2t3
φ2;pi(u) +
ifpiu
64pi2t
φ4;pi(u)
− ifpim
2
piut
144(mu +md)
〈q¯q〉φσ3;pi(u)−
ifpim
2
piut
3
2304(mu +md)
〈gsq¯σGq〉φσ3;pi(u)
)
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TABLE V: Decay properties of the P -wave bottom baryons belonging to the [6F , 2, 1, λ] doublet. See the caption of Table II
for detailed explanations.
Baryon Mass Difference
Decay channels
S-wave width D-wave width Total width
Candidate
(jP ) (GeV) (MeV) (MeV) (MeV) (MeV)
Σb(
3
2
−
) 6.11± 0.16
12± 5
Σb(
3
2
−
)→ Λbpi – 49.6 +76.4−32.9
51.4 +76.5−32.9 Σb(6097)
± [16]
Σb(
3
2
−
)→ Σbpi – 1.6 +3.2−1.1
Σb(
3
2
−
)→ Σ∗bpi 0.019 +0.065−0.019 0.23 +0.36−0.16
Σb(
3
2
−
)→ Σbρ→ Σbpipi (1.4 +2.5−1.1)× 10−4
Σb(
5
2
−
) 6.12± 0.15 – ∼ 0 –
Ξ′b(
3
2
−
) 6.23± 0.15
11± 5
Ξ′b(
3
2
−
)→ Ξbpi – 19.0 +26.3−13.3
27.3 +28.5−14.2 Ξb(6227)
− [15]
Ξ′b(
3
2
−
)→ ΛbK – 7.4 +11.0− 4.8
Ξ′b(
3
2
−
)→ Ξ′bpi – 0.79 +1.13−0.79
Ξ′b(
3
2
−
)→ Ξ∗bpi 0.007 +0.023−0.007 0.12 +0.17−0.08
Ξ′b(
3
2
−
)→ Ξ′bρ→ Ξ′bpipi (5.6 +9.1−4.3)× 10−4
Ξ′b(
5
2
−
) 6.24± 0.14 Ξ′b( 52
−
)→ Ξ∗bρ→ Ξ∗bpipi (2.8 +4.6−2.0)× 10−4 (2.8 +4.6−2.0)× 10−4 –
Ωb(
3
2
−
) 6.35± 0.13
10± 4 Ωb(
3
2
−
)→ ΞbK – 4.6 +3.3−1.9 4.6 +3.3−1.9 Ωb(6350)− [17]
Ωb(
5
2
−
) 6.36± 0.12 – ∼ 0 –
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) ×
( ifpiu2α3
8pi2t
Φ4;pi(α) +
ifpiuα2
8pi2t
Φ4;pi(α)
+
ifpiuα3
16pi2t
Φ4;pi(α) +
ifpiuα3
16pi2t
Φ˜4;pi(α)− ifpiu
8pit
Φ4;pi(α) +
ifpiα2
16pi2t
Φ4;pi(α) +
ifpiα2
16pi2t
Φ˜4;pi(α)
− ifpi
16pi2t
Φ4;pi(α)− ifpi
16pi2t
Φ˜4;pi(α) +
fpiu
8pi2t2v · qΨ4;pi(α) +
3fpiu
8pi2t2v · q Ψ˜4;pi(α)−
fpi
8pi2t2v · qΦ4;pi(α)
− 3fpi
8pi2t2v · q Φ˜4;pi(α) +
fpi
8pi2t2v · qΨ4;pi(α)−
fpi
8pi2t2v · q Ψ˜4;pi(α)
)
.
The sum rule equation for the Σ−b [
3
2
−
] belonging to [6F , 2, 1, λ] is
GΣ−b [
3
2
−]→Λ0bpi−(ω, ω
′) = gΣ−b [ 32−]→Λ0bpi− ×
fΣ−b [
3
2
−]fΛ0b
(Λ¯Σ−b [
3
2
−] − ω′)(Λ¯Λ0b − ω)
(A4)
=
∫ ∞
0
dt
∫ 1
0
duei(1−u)ω
′teiuωt × 8×
( fpim2piu
12(mu +md)pi2t2
φσ3;pi(u) +
fpiut
2
12
〈q¯q〉φ2;pi(u)
+
fpiut
2
192
〈q¯q〉φ4;pi(u) + fpiu
192
〈gsq¯σGq〉φ2;pi(u) + fpiut
4
3072
〈gsq¯σGq〉φ4;pi(u)
)
−
∫ ∞
0
dt
∫ 1
0
du
∫
Dαeiω′t(α2+uα3)eiωt(1−α2−uα3) ×
( f3piu
2pi2t2
Φ3;pi(α)− f3pi
2pi2t2
Φ3;pi(α)
+
if3piu
2α3v · q
2pi2t
Φ3;pi(α) +
if3piuα2v · q
2pi2t
Φ3;pi(α)− if3piuv · q
2pi2t
Φ3;pi(α)
)
.
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TABLE VI: Among all the possible P -wave bottom baryons of the flavor 6F , we find altogether four Σb, four Ξ
′
b, and six
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6± 3
Γ
(
Σb(
1
2
−
)→ Σbpi
)
= 14.1 +21.2−10.9 MeV
Γ
(
Σb(
1
2
−
)→ Σ∗bpi
)
= 0.076 +0.144−0.076 MeV
Γ
(
Σb(
1
2
−
)→ Λbρ→ Λbpipi
)
= 0.087 MeV
14.3 +21.2−10.9 –
Σb(
3
2
−
) 6.07± 0.13
Γ
(
Σb(
3
2
−
)→ Σbpi
)
= 0.55 +0.74−0.36 MeV
Γ
(
Σb(
3
2
−
)→ Σ∗bpi
)
= 4.0 +5.8−2.9 MeV
Γ
(
Σb(
3
2
−
)→ Λbρ→ Λbpipi
)
= 0.23 MeV
4.8 +5.9−2.9 –
[6F , 2, 1, λ]
Σb(
3
2
−
) 6.11± 0.16
12± 5
Γ
(
Σb(
3
2
−
)→ Λbpi
)
= 49.6 +76.4−32.9 MeV
Γ
(
Σb(
3
2
−
)→ Σbpi
)
= 1.6 +3.2−1.1 MeV
Γ
(
Σb(
3
2
−
)→ Σ∗bpi
)
= 0.25 +0.37−0.16 MeV
Γ
(
Σb(
3
2
−
)→ Σbρ→ Σbpipi
)
= 1.4× 10−4 MeV
51.4 +76.5−32.9 Σb(6097)
±
Σb(
5
2
−
) 6.12± 0.15 – ∼ 0 –
Ξ′b
[6F , 1, 1, λ]
Ξ′b(
1
2
−
) 6.21± 0.11
7± 2
Γ
(
Ξ′b(
1
2
)→ Ξ′bpi
)
= 4.5 +5.8−3.3 MeV
Γ
(
Ξ′b(
1
2
−
)→ Ξ∗bpi
)
= 0.16 +0.18−0.10 MeV
Γ
(
Ξ′b(
1
2
−
)→ Ξbρ→ Ξbpipi
)
= 0.043 MeV
4.7 +5.8−3.3 –
Ξ′b(
3
2
−
) 6.22± 0.11
Γ
(
Ξ′b(
3
2
−
)→ Ξ′bpi
)
= 0.34 +0.35−0.20 MeV
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Γ
(
Ξ′b(
3
2
−
)→ Ξ′bρ→ Ξ′bpipi
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−
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(
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